Abstract. Interleukin-8 (IL-8) possesses tumorigenic and proangiogenic properties, and is overexpressed in many human cancer types. However, only few studies have demonstrated the mechanisms of action of IL-8 regarding the ability to promote proliferation and to inhibit apoptosis in prostate cancer. Here, the aim of the present study was to investigate the effects of IL-8 on the prostate cancer cell line and determine possible mechanisms underlying its effect. In this study, IL-8 was shown to be significantly upregulated in prostate cancer compared with paired normal control tissues. The data showed that IL-8 exhibits direct oncogenicity, which significantly induced cell proliferation, invasion and attenuated apoptosis in prostate cancer cells via signal transducer and activator of transcription 3/protein kinase B/nuclear factor-κB signaling pathways.
Introduction
Prostate cancer is one of the most common malignancies in men, and acts as one of leading cause of cancer-related death in the world, especially in some developed countries, although some therapy approaches have been used for prostate cancer therapy (1, 2) . Most prostate cancer patients have metastases at the time of diagnosis leading to decreased treatment outcomes and poor survival rates (3) . Despite the advances in treatment approaches over the past few decades, the treatment outcome has not significantly improved (4, 5) , proliferation and apoptosis is responsible for the main reason of death, and many patients with prostate cancer can progress to metastatic disease finally (6) . Thus uncovering the molecular mechanism of prostate cancer cell proliferation and apoptosis is urgent and important. Therefore, the regulatory mechanism of prostate cancer progression must be further studied and gain a better understanding to identify novel therapeutic targets.
Interleukin-8 (IL-8), also known as CXCL-8, a member of the Glu-Leu-Arg (ELR) motifpositiveCysteine-X-Cysteine (CXC) chemokine family that is secreted by multiple cell types, including monocytes, neutrophils, endothelial and mesothelial cells, and tumor cells (7, 8) . It was originally classified as a potent neutrophil chemoattractant, has been shown to regulate biological processes through interactions with relative receptors (9) . Studies have shown that tumor progression and metastasis may be associated with overexpression of IL-8 (10, 11) . In terms of tumor, IL-8 is known to participate in cancer progression by promoting the angiogenic response of endothelial cells, the recruitment of neutrophils to the site of the tumor, and the proliferation, survival and migration of tumor cells (12) . Numerous studies have suggested that IL-8 plays a critical role during tumor angiogenesis, growth and metastasis in hepatocellular and nasopharyngeal carcinoma, gastric, lungcancer, prostate cancer (13) (14) (15) (16) (17) , gastric and pancreatic carcinoma (18, 19) . Induction of IL-8 expression is mediated primarily by activator protein and/or nuclear factor kappa B (NF-κB) (12) .
STAT3/AKT/NF-κB play pivotal roles in various aspects of the tumorigenic process in several cancer entities, including colon, lung cancer, and hepatocellular carcinoma (20) (21) (22) . These are powerful activators of malignancy and are pre-requisites for the expression of a variety of target genes that are important for cell proliferation, survival, angiogenesis, invasion, and metastasis (23) . On the contrary, in immune cells, NF-κB and STAT3 control the expression of other cytokines and inflammatory/immune mediators that mediate NF-κB and STAT3 activation in cancer cells, including IL-1, IL-6, and TNFα (24) . NF-κB physically interacts with STAT3, which may result in either specific transcriptional synergy or repression of NF-κB/STAT3 regulated genes (25) . STAT3 may interact with RelA/p65 in the nucleus and prolong the presence of active NF-κB in the nucleus (25 interactions, NF-κB and STAT3 cooperate to promote the development and progression of tumors (26) . However, the mechanisms of action of IL-8 in prostate cancer are largely unknown. The goal of the present study was explored the effect of IL-8 on tumor progression in prostate cancer, whether overexpression of endogenous IL-8 in prostate cancer cells affects the malignant behavior, including in vitro anchorage-independent growth, proliferation, migration, invasion and apoptosis.
In addition, we explored the mechanisms by IL-8 overexpression to promotes proliferation and inhibition of apoptosis via STAT3/AKT/NF-κB pathway in prostate cancer. These findings shed new light on prostate cancer pathogenesis and are helpful for developing innovative therapeutic strategy for prostate cancer patients.
Materials and methods
Tissue samples. Thirty patients with biopsyproven diagnosis of prostate cancer were enrolled in this study, tissues were collected from Gynecology Department, Children's Hospital of Nanjing Medical University. The corresponding adjacent non-neoplastic tissues from the macroscopic tumor margin were isolated at the same time and used as controls. All patients did not process chemotherapy or radiotherapy prior to surgery. These tissues were frozen in liquid nitrogen immediately after surgical removal and stored at 80˚C until use. The study protocol was approved by the ethics committee of the Children's Hospital of Nanjing Medical University. The use of the tissue samples for all experiments were obtained with informed consent.
Cell culture. The human prostate cancer LNCap, PC-3, and DU-145 cells and normal prostate RPWE-1 cells were obtained from American Type Culture Collection (ATCC, Manassas, VA). These cells were cultured in RPMI-1640 media supplemented with 10% fetal bovine serum (FBS) and incubated in a humidified atmosphere containing 5% CO 2 at 37˚C.
Treatment with IL-8 of pancreatic cancer cell lines. 70% confluent prostate cancer cells were treated for 3 d with escalating concentrations of IL-8 (10, 30 and 50 µg/l) or medium alone. IL-8 concentrations and the duration of cytokine treatment were based on our pilot experiments and our previous cytokine studies.
ELISA assay. Cells were growth in medium for 6 days, supernatants of prostate cancer cell lines were collected and frozen at -20˚C until the assay was performed. Cells were seeded into six-well plates and were starved overnight, then the cells were treated with the indicated concentrations of embelin in DMEM medium for 48 h, the cell culture supernatant was collected, and the concentration of IL-8 was assessed using Legend Max human heterodimer IL-8 ELISA kit (Biolegend) according to the manufacturer's protocol. The OD 405 was measured on a SpectraMax 340 counter using Soft-MAX PRO 1.2.0 software (Molecular Devices). All assays were performed in triplicate.
Western blot analysis. Total protein was collected and the protein concentration was measured by BCA protein assay kit (Applygen Technologies Inc., Beijing, China). Equal amount of protein was added into SDS-PAGE gel, and then transferred to the polyvinylidene difluoride (PVDF) membrane. The membraneswere further blocked in TBST containing 5% BSA for 1 h, and then were incubated with primary antibody against IL-8 and GAPDH at 4˚C overnight. The membranes were further washed for three times and were incubated with secondary antibodies for 1 h. The bands were scanned and analyzed with with chemiluminescence with SuperSignal West Femto Chemiluminescent Substrate (Thermo Scientific, USA), and images were captured with a Bio-Rad camera system (Bio-Rad, USA). GAPDH were used as internal loading control.
Cell proliferation assay. Cells growth in vitro was detected by analyzing proliferative expansion of human prostate cancer cells (PC-3 and DU-145) with MTT assay and clonogenic survival assay. Briefly, prostate cancer cells were seeded at 5x10 3 cells each well and incubated with or without recombinant human IL-8 protein in 96-well plates and measured with MTT cell proliferation kit (Cayman Chemical) according to the manual's instructions. For clonogenic survival assay, cells were treated with IL-8 after three days, the cells were detached and counted in a hemocytometer. Clonogenic survival assay was performed as described previously (27, 28) . The number of colonies was counted and expressed as a percentage of total colonies in controls.
BrdU assay. Cell proliferation assay was measured by BrdU incorporation. Cell cultures grown on 13 mm round coverslips were incubated with a final concentration of 15 µl BrdU for 8 h, after which time the cells were fixed with 4% paraformaldehyde for 10 min at room temperature. Coverslips were washed with PBS and then incubated for 10 min with 0.1% Triton-X100 to permeablize the membranes. The BrdU epitope was exposed by incubating the cells in 2 N hydrochloric acid for 1 h at 37˚C. Then endogenous peroxidase activity was quenched with 0.3% hydrogen peroxide in PBS for 30 min at room temperature. After being washed with PBS, cultures were blocked with 1% Bovine serum albumin and 2% normal goat serum in PBS (blocking solution). A primary antibody was added at a 1:200 dilution in blocking solution, and incubated at room temperature for 1 h. Cells were washed three times with PBS and then incubated with secondary antibody at a 1:200 dilution for 1 hr at room temperature in a blocking solution. BrdU was then detected with Tyramide-488 signal amplification (Invitrogen).
Cell migration and invasion assays. Cell migration assays were performed with wound healing assay. Briefly, cells were seeded into six-well plates and were starved overnight when the cells reached at least 95% confluence. A linear scratch was made using a 10 µl micropipette tip. The cells were further cultured in DMEM medium containing 2% fetal bovine serum. The width of the wound was photographed by light microscopy at 0, 24 and 48 h. Each experiment was performed in triplicate. The measurements were obtained by measuring the distance of the wound using ImageJ software.
Furthermore, cell migration and invasion assays were performed using transwell plates (Millipore). For migration assay, 1.0x10 5 cells in 200 µl of serum-free medium were placed in the upper chamber, whereas RPMI-1640 containing 20% BSA was placed in the lower chamber. The plates were incubated for 16 h at 37˚C in 5% CO 2 . For invasion assay, the upper chamber was coated with 30 µl matrigel before used. Then 1.8x10 5 cells in 200 µl of serum-free medium were placed in the upper chamber, whereas RPMI-1640 containing 20% BSA was placed in the lower chamber. Non-invading or non-migrating cells were removed from the upper surface by a cotton swab. The membrane was fixed with 4% formaldehyde and was stained with 0.5% crystal violet. Cells were counted in 5 different fields at x200 magnification, and the mean number of cells per field was calculated.
Cellular apoptosis assay. Apoptosis was determined by TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling) assa. Cells were treated with the indicated concentrations of embelin in complete medium for 48 h. Apoptosis was assessedusing an Apoptag kit (Chemicon) as previously described (27) . To quantify the number of apoptotic cells, all cells in 5-6 randomly selected high power fields (magnification: 400) were manually counted using image analysis software MetaMorph. TUNEL and cells were expressed as a percentage of total cells.
Statistical analysis. All data were analyzed with SPSS 17.0 (SPSS Inc., Chicago, IL, USA), The results were represented as means ± standard deviation (SD) at least three independent experiments. The statistical analysis was performed using a two-tailed unpaired t-test (between two groups) or a one-way analysis of variance (ANOVA) (among three or more groups), using the computer software SAS 9.2 (SAS Institute Inc., Cary, NC, USA). P<0.05 was considered significant and <0.01 was considered statistically significant.
Results

Expression of IL-8 in prostate cancer tissues and cell lines.
To detect the activity of IL-8 in prostate cancer progression, firstly, we localized IL-8 expression in tumor tissues and adjacent tissues from prostate cancer patients. IL-8 was commonly shown to be pronouncedly up-regulated in tumor tissues compared with paired normal control (Fig. 1A) . Furthermore, we detected the level of IL-8 in the supernatant of RPWE-1, LNCap, PC-3, and DU-145 cells. The results showed that the level of IL-8 was elevated in prostate cancer cells as compared to that in RPWE-1 cells (Fig. 1B) . On the whole, these data suggest that IL-8 may play a role in prostate cancer.
IL-8 promotes proliferation of prostate cancer cells.
To observe the effect of IL-8 over proliferation of prostate cancer cells, MTT assay was conducted on PC-3 and DU-145 cell lines in respective after it were treated with escalating doses of IL-8 (10, 30, or 50 µg/l) or medium alone for 3 days. It was shown that IL-8 was found to be markedly capable of promoting proliferation compared with control group in PC-3 and DU-145 cells ( Fig. 2A and B) . To further confirm the direct effect of IL-8 on prostate cancer cells proliferation, cell survival was evaluated by BrdU cell proliferation assay and clonogenic survival assay (Fig. 2C and D) . The percentage of colonies of PC-3 and DU-145 cells treated with IL-8 at the concentration of 10 µg/l was comparable with that in controls treated with medium alone, while the percentage of colonies of cells was higher at 30 µg/l of IL-8 and the highest at the concentration of 50 µg/l. Thus, our results indicate that IL-8 promotes survival and proliferation of prostate cancer cells.
IL-8 promotes migration and invasion of prostate cancer cells.
Subsequently, to observe the effect over migration and invasion of prostate cancer cells by IL-8, wound-healing and transwell assays were carried out after treated with escalating concentrations of IL-8 (10, 30 and 50 µg/l) or medium alone. Firstly, we investigate the effects of IL-8 on migration about prostate cancer cells by using scratch wound healing and in vitro transwell assays. As shown in Fig. 3A and B, the extent of wound healing was inversely proportional to the concentrations and duration of embelin treatment. It was displayed that IL-8 was found to be remarkably able to promote the migration (Fig. 3C and D) of PC-3 and DU-145 cells. We then examined the role of IL-8 in prostate cancer cell invasion by using transwell assays (Fig. 3E and F) , The migrating and invading cells on the lower surface of the filter were stained and counted. The bar graphs show the number of migrating and invading cells for each category of the cells. Thus, IL-8 was shown to have capacity for abrogating the effect over migratory and invasive abilities in PC-3 and DU-145 cells, suggesting that IL-8 can migration and invasion of prostate cancer cells in vitro.
IL-8 decreases apoptosis of prostate cancer cells.
In addition to enhanced proliferation, decrease of apoptosis could also result in IL-8 promotion of prostate cancer cells growth. To address this possible effect of IL-8, we examined apoptosis of PC-3 and DU-145 cells treated with IL-8. The cells were treated with IL-8 (10, 30 and 50 µg/l) or medium alone for 3 days and apoptosis was evaluated by TUNEL staining. As shown in Fig. 4A and B, cells were were treated with IL-8, the number of apoptotic cells is visibly decreased compared to the control group. Moreover, the number of apoptotic cells was inversely proportional to the concentration of IL-8. It was displayed that IL-8 was found to be remarkably able to inhibit the apoptosis. Since the DU-145 cells proliferation ability was faster than PC-3 cells, so the number of apoptotic cells in DU-145 cells was more than of PC-3 cells under the same conditions. The apoptosis-related proteins expression was detected by western blot. Similar results were obtained, Bax, Caspase-3 and Caspase-9 expression was obviously decreased in cells were were treated with IL-8 at the protein level compared to the control group. On the contrary, Bcl-2 expression was obviously increased (Fig. 4C and D) . These results suggest that IL-8 inhibits apoptosis of prostate cancer cells.
IL-8 induces activation of STAT3/AKT/NF-κB pathway in
prostate cancer cells. STAT3/AKT/NF-κB pathway plays an important role in cancer progression. Here, after stimulating with different concentration of IL-8 for 1 h, we found that IL-8 dose-dependently induced activation of STAT3/AKT/NF-κB in prostate cancer cells. Here, we investigated whether the STAT3 and Akt pathways participate in the promoting proliferation capacity of IL-8 in PC-3 and DU-145 cells. As shown in Fig. 5A , B, The phosphorylation of STAT3 was evaluated by the proportion of p-STAT3 and STAT3. The ratio of p-STAT3 and STAT3 in cells was significantly larger than the one in cells with control in PC-3 cells. We next examined whether IL-8 could induce the AKT pathway in prostate cancer cells. Western blot analysis showed that IL-8 time-dependently induced activation of AKT in prostate cancer cells. The cells which treat with IL-8 significantly increased the phosphorylated level of AKT protein compared to the control. Gray analysis showed that the ratio of p-AKT and AKT in cells treat with IL-8 was significantly higher than the one in cells with control. We further detected the effect of IL-8 on activation of NF-κB in prostate cancer cells. Using western blotting, we found that IL-8 stimulation time-dependently induced phosphorylation of NF-κB P65. The similiar results was obstained in DU-145 cells (Fig. 5C, D) . For in all, our results demonstrate that IL-8 could induce activation of STAT3/AKT/NF-κB in prostate cancer cells.
Discussion
In current study, we determine a close correlation of IL-8 expression with prostate cancer progression in clinical patients. IL-8 was shown to be significantly up-regulated in prostate cancer tissues in comparison with paired normal control tissues. Over-expression of IL-8 can be a common phenomenon that was readily seen in different types of cancer, including oral squamous cell carcinoma, multiple myeloma, hepatocarcinoma, chronic lymphocytic leukemia (29) (30) (31) (32) (33) melanoma, colon carcinoma, and pancreatic cell lines (29, 34) . Many studies have addressed the role of IL-8 in promoting cell proliferation, migration, and invasion of cancer cells (17, 35) , and more recently, has received attention in assisting cancer cells to evade stress-induced apoptosis (36) . Consistent with the preponderance of effects indicated from in vitro studies, the expression of IL-8 has been shown to correlate with the angiogenesis, tumorigenicity, and metastatic potential of many solid cancers in xenograft and orthotopic in vivo models (37) .
However, the role of IL-8 about the detailed mechanisms underlying cell proliferation and apoptosis in prostate cancer is not been reported at present. In this study, we found that abilities of cell proliferation was enhanced and cell apoptosis was inhibited in IL-8 overexpressed cells compared with their respective control cells, indicating that IL-8 might increase proliferation and inhibite apoptosis of prostate cancer cells. Firstly, we find that IL-8 expression promotes growth of prostate cancer, as evidenced by MTT assay and soft agar colony formation assay. In addition, we also find that IL-8 expression inhibit apoptosis of prostate cancer cells, as evidenced by TUNEL staining and western blot. These findings provide direct evidence that the IL-8 promotes cell proliferation and inhibit apoptosis in prostate cancer.
According to previous published results for IL-6 and IL-8, we found that IL-8 up-regulation in stromal cells because of interaction with IM9 cells was partially mediated by the transcription factor NF-κB (38) and other mechanisms including AP-1, NF-κB, STAT-3 and β-catenin signaling pathways could also be involved in IL-8-induced tumor migration (12) . Research previously demonstrated that IL-27 could inhibit tumor growth directly dependent of the STAT1 signalpathway in mouse melanoma. Moreover, STAT3 and STAT5 signal pathways also participated in the antitumor activity of IL-27. However, there have been few studies reporting the correlation between IL-8 and the STAT3, AKT signal pathway as well as NF-κB expression in tumor studies. To investigate the underlying mechanism, we've explored the role of IL-8 in vitro in prostate cancer cells. Our study showed that IL-8 could promote prostate cancer cells proliferation and inhibit apoptosis by activate the STAT3, AKT and NF-κB expression. NF-κB is a transcription factor that plays an important role in carcinogenesis as well as in the regulation of immune and inflammatory response. Aberrant or constitutive NF-κB activation has been linked to cell transformation, proliferation, survival, invasion, angiogenesis, and metastasis (12) .
The AKT pathway is a major cascade that promotes the activation of the NF-κB signaling pathway in human cancer cells (40) . In various cells, phospho-AKT and NF-κB work as antiapoptotic factors by phosphorylating bad to prevent its binding to Bcl-2. In unstimulated cells, NF-κB exists in the cytoplasm as an inactive form bound to an inhibitor protein called IκB, which can be phosphorylated by IκB kinase (41) . The various stimuli activate NF-κB, causing phosphorylation of IκB. Then IκBα is phosphorylated and separates from the p50-p65-IκBα heterotrimer. Finally, phosphorylation and nuclear translocation of p65 to the nucleus leads to activation of NF-κB (42) .
In this context, We here found that IL-8 axis induced the activation of NF-κB via upregulation of phosphorylated AKT. Then we demonstrated that IL-8 activated the canonical NF-κB pathway, increased nuclear p65. Our work deeply clarified that IL-8 in vitro can prevent the release of cytochrome c from mitochondria and prevent cleavage of caspase 3. This is another demonstration that IL-8 treatment stabilizes the mitochondrial membrane and prevents of release of cytochrome c, effects that are likely to be because of the increased expression of Bcl-2.
In summary, our study demonstrated that IL-8 increased cell proliferation and inhibit apoptosis via the STAT3/AKT/NF-κB pathways in prostate cancer cell lines. It is crucial to prevent prostate cancer, the discovery of an IL-8-mediated signaling pathway helps to better understand the mechanism of prostate cancer metastasis and may contribute to the development of therapeutic strategies in the future. 
